We tested the reproducibility of ambulatory blood pressure monitoring (ABPM) by the use of agreement plots. Thirty-two normotensive volunteers underwent ABPM on four separate days (interval 28 days), on the same typical weekday. Sleeping time was restricted to the ABPM nighttime subperiod from 11:00 PM to 7:00 AM. Twenty-four-hour average values-both systolic and diastolic-daytime average values, and nighttime average values, as well as standard deviation (SD) values, were analyzed for differences (analysis of variance). Adaptation occurred from the first to the fourth ABPM, ie, average 24 h, daytime, and nighttime values were lower (؊1 to ؊3 mm Hg) during the fourth recording than the first (P < .05 to P < .01). The agreement analysis showed a surprisingly high agreement among the four data sets (ie, differences from ؎2.54 to ؎5.92 mm Hg; ؎2 SD of the distribution). We concluded that reproducibility of ABPM seems excellent, but adaptation may occur, even in normotensive volunteers under research conditions. Caution must be paid before labeling a patient as hypertensive, because initial ABPM may yield higher values than later monitorings. Am J Hypertens 1997;10:936 -939
A mbulatory blood pressure monitoring (ABPM) is a widely accepted diagnostic tool in hypertension and clinical research. ABPM has obvious advantages over office sphygmomanometry. ABPM allows the evaluation of circadian changes, variability of blood pressure, pressure load, trough-to-peak ratio and response to drug treatment. 1 Nevertheless, some major flags in ABPM evaluation of the hypertensive patients are 1) the unknown prognostic value of what we call ''normal values'' (statistically defined), 2) the presence in literature of unreliable validation studies and the presence on the market of unvalidated monitors, 2 and 3) the debated reproducibility. Normal values with prognostic importance, as well as large, longitudinal, populationbased studies, are still lacking. Longitudinal data were presented by Perloff and coworkers 3 and seem to agree with the normal range resulting from population-based studies such as the Irish Bank Study 4 and the Studio della Pressioni Ambulatoriali E Loro Associazioni (PAMELA) Study, 5 or from a metaanalysis of 23 published studies. 6 Statistical normal values obtained through ABPM methods seem to be lower than normal values obtained by office sphygmomanometry. Several studies addressed the question of reproducibility of ABPM data using fully validated monitors. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Reproducibility was assessed and found to be better than office sphygmomanometry. 11 The majority of these studies employed traditional statistical methods such as t tests, regression analysis, and analysis of variance.
A relatively new graphic approach was proposed 10 years ago. This method allows, by simple inspection, to assess the determination of the agreement between two methods or the degree of reproducibility. 18 This method represents an obvious improvement in the analysis of the reproducibility of biological measures and provides an increased selectivity in the result analysis. Up to now it has been employed in few studies 16, 19 for the analysis of ABPM reproducibility.
In this study, the reproducibility was studied by means of four repeated ABPM recordings in 32 normotensive subjects 28 days apart. The study was performed during the cold season, from mid November to late March in order to avoid seasonal variations. 20 Monitors here employed are fully validated and widely employed SpaceLabs (Redmond, WA) 90207. 21 Reproducibility of average blood pressure data, as well as of blood pressure variability, was assessed by the Bland and Altman plots.
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MATERIALS AND METHODS
Forty normotensive subjects underwent ABPM by use of some SpaceLabs 90207 monitors a validating device, 21 four times in 4 days, starting at 10:00 (on the same typical weekday, from Monday to Friday, during the cold season, from November to March), with measurements separated by 28 days. Volunteers did not exceed their ideal body weight by more than 10%. Their average weight was 64.13 Ϯ 2.74 kg (SEM). The mean age was 30.84 Ϯ 1.17 years (SEM). Volunteers were 20 men and 20 women. Volunteers gave their informed consent to participate in the study. The study protocol was approved by our local ethical committee (Department of Internal Medicine of the University of Genoa Medical School). Volunteers were allowed to perform their usual daily activities and were asked to adhere to a common bedrest period, from 23:00 to 07:00. Naps were not allowed. Volunteers were considered eligible for the study only after a complete blood pressure profile had been recorded (four times), that is they had Ͼ90% successful readings, at least two valid readings per hour during the day (from 07:00 to 22:59, four readings per hour) and at least one valid reading per hour during the night (from 23:00 to 06:59, two readings per hour). Lack of conformance with the imposed sleep time was considered as a second exclusion criterium. The initial group of 40 volunteers decreased to 32 (18 men and 14 women). Ambulatory blood pressure data, after automatic editing (systolic blood pressure Ͻ60 mm Hg or systolic blood pressure Ͼ275 mm Hg, diastolic blood pressure Ͻ30 mm Hg or diastolic blood pressure Ͼ150 mm Hg, pulse pressure Ͻ15 mm Hg or pulse pressure Ͼ180 mm Hg, heart rate Ͻ25 beats/min or heart rate Ͼ180 beats/min) were deleted. Manual editing was blind. It was performed by an external investigator and limited to obvious faults in order to avoid an artificial improvement of reproducibility. Data were collected on dBase IIIϩ software (Ashton Tate Corp., Torrance, CA) and analyzed by SPSS 6.1 software (SPSS Inc., Chicago, IL). Statistical methods included ANOVA followed by Bartlett's statistics for homoge- 
RESULTS
Descriptive statistics are reported in Table 1 (systolic  and diastolic values) . Differences between first and following ABPM data are minimal (in the range of 1 to 3 mm Hg for systolic values and 1 to 2 mm Hg for diastolic values) but rather constant and significant (ABPM4 v ABPM1). Differences among SD data (considered as an index of blood pressure variability) are less consistent (range 0.3 to 1.9 mm Hg). Nighttime blood pressure variability seems to be significantly reduced in ABPM4 v ABPM1, although the difference is less than 1 mm Hg. The agreement analysis applied to repeated measures, 18 attained by plotting the average value of repeated measurements against its standard deviation, demonstrated a high agreement among ABPM data. The agreement (expressed as Ϯ2 SD range) between 24-h systolic values was Ϯ3.54 mm Hg ( Figure 1A ). Twenty-four-hour diastolic values had a range of Ϯ2.54 mm Hg ( Figure 1B 
DISCUSSION
The study of blood pressure reproducibility has obvious and known disadvantages including troublesome standardization, poor reproducibility at work or during exercise, superimposed or free sleep time, adaptation phenomena, and possible sleep disturbances in patients wearing the monitor. Reproducibility of ABPM was studied and reviewed. 22 It was analyzed by means of the agreement analysis as well. 16, 19 Reproducibility seems to be better than office sphygmomanometry 11, 23 and high at least in normotensive patients, whereas in hypertensive patients reproducibility seems poor. 23 Reproducibility of ABPM still requires improvement because untreated hypertensive patients, as well as responders or nonresponders, may be misdiagnosed owing to scarce repeatability of diagnostic measurements. Adaptation phenomena have been described during ABPM. A decrease of blood pressure values during the initial hours of recording has been noted. This decrease tended to disappear or to smooth during a second ABPM procedure. 24 This ''turn-on'' stress seems 25 Adaptation may represent an additional trouble in the study of ABPM reproducibility. Our data, recorded in young normotensive subjects undergoing a study protocol, seem to show a high reproducibility. Average data are reproducible as well as standard deviations, pointing out that blood pressure dynamic data and blood pressure variability seem reproducible. Nevertheless, adaptation phenomena occur even in so reproducible subjects. The decrease of mean values from the first to the fourth ABPM attains a significance level despite its low value due to a constant pattern. Adaptation may contribute to the scarce reproducibility of ABPM values in hypertensive patients. Adaptation may overcome the turn-on stress or the blood pressure elevation during the first 2 h of ABPM, because it involves even the nighttime subperiod (at least for systolic values).
CONCLUSIONS
ABPM data in normotensive subjects seem reproducible. Nevertheless, an adaptation may occur. Training of subjects or patients may reduce the average values of ABPM data as well as SDs.
